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(54) Elevator speed controller 

(57) [Ot^'ect] To provide an elevator speed controller 
capable of suppressing vibration of an elevator of which 
natural frequency is largely variable and enabling a 
highly accurate speed control irrespective of change in 
elevator characteristic and easy adjustment. 

[Construction] An elevator speed controller, com- 
prising a car speed command value setting means to 
set a car speed confunand value upon receipt of an ele- 
vator starting command to move a car up/down via a 



rope wound around a sheave by driving the sheave by a 
motor and a car speed command value correcting 
means to correct a car speed command value set by the 
car speed command value setting means by a vibration 
detected value detected by a car vibration detecting 
means so as to suppress the car vibration, in structure 
to control a motor speed according to a corrected car 
speed command value. 
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Description . 

BACKGROUND OF THE INVglMTinM 

5 1 . ReW of the Invention . 

[0001 ] The present invention relates to an elevator speed controller which moves up and down a car via a rope wound 
around a sheave by driving this sheave by a motor. 

10 2. Description of the Related Art 

[0002] FIG. 7 is a schematic block diagram of an elevator which is called a well bucket type out of rope type elevators. 
In FIG. 7, a motor 4 is installed on the roof of a building and rotates a sheave 1 1 which comprises an elevator mechan- 
ical system 10. A rope 12 is wound around the sheave 1 1 . A car13 is connected to one end of the rope 12 and a counter 
IS weight 14 is connected to the other end of the rope 12. TWs counter weight is set at the mass almost equal to the car 
13 to balance with it So, when the car 13 is moved up or down by driving the motor 4, the counter weight 14 serves to 
reduce load of the motor 4. save energy and downsize the motor. 

[0003] FIG. 8 is a block diagram showing the structure of the speed control system of the elevator mechanical system 
shown In FIG. 7. In FIG. 8. 1 is a car speed command value setting means to set a car speed command value upon 

20 rece^ of an elevator starting command and a known car speed command value that is set is added to a speed conver- 
sion means 2. The speed conversion means 2 converts a car speed commarxi value into a speed command value of 
the motor 4 and adds a converted speed command value to a nrxrtor controller 3. The motor controller 3 controls the 
cunrent of the motor so that a speed detected value by a motor speed detecting means 5 fbllowws a speed command 
value converted by the speed converting means 2. So. a car speed is control so as to become equal to a car speed 

25 command valua 

[0004] The conventional elevator speed controller described above controls the speed of the car 13 by driving the 
motor 4 according to a desired car speed command value regarding the elevator mechanical system 10 to be a rigid 
body. At the time, vibrations of a car caused by jumping of passengers, distortion of rails, resonance of the mechanical 
system, etc. were suppressed mechanically by installing dampers. vft}ration isolating rutDbers and the like. 

30 [0005] However, since an elevator is a system of which natural frequency changes largely due to load and the positron 
of a car. ft ooukini to suppress osdilation to substantially zero by such a mechanical vbration isolating means as damp- 
ers, vibration isolating rubbers, etc. and vibrations generated at some specific floor or specific load became a problem. 
This tendency was remarkable in case of a long distance and super high-speed elevator of which a change of natural 
frequency was specifically larga 

35 [0006] Further, in order to realize the high accurate speed control it is desirable to always update a control gain 
according to these detected values in-espective of change in load and a car position: however, as there is no guide line 
and an enormous adjusting time is required in the trial and enror. a control gain was so far set at a constant level. How- 
ever, it became necessary to readjust the control gain some time according to specifications and demanded perform- 
ance of an elevator and as the adjustment was made in the trial and error, its efficiency was also low. 

40 

SUMMARY OF THE INVENTION 

[0007] The present invention has been made in view of the above and it is a first object of the present invention to 
provkJe an elevator speed controller capable of suppressing vibrations of an elevator having a large change in natural 
45 frequency. 

[0008] A second object of ttie present invention is to provcle an elevator speed controller which enables a high accu- 
rate speed control and is easy to adjust a control gain irrespective of characteristic change of an elevator. 
[0009] In an elevator speed controller for moving a car upAdown via a rope wound around a sheave comprising a 
mechanical system of a rope type elevator by driving a motor; which is equipiDed with a car speed command value set- 
so ting means to set a car speed command value in conrpliance with a given starting command; and a motor controller to 
control the motor speed following a car speed command value tiiat was set by the car speed command value setting 
means, an elevator speed controller of the present invention is characterized in that it is composed of a car vibration 
detecting means to detect the car vibration and a car speed command value conecting means provided between the 
car speed conrtmand value setting means and the motor controller, correct the car speed command value set by the car 
55 speed commarxi value setting means according to a vbration detected value detected by the car v&ration detecting 
means so as to suppress a car vibration and supplies a corrected car speed command value to ttie nrotor controller. 
[001 0] Further, in an elevator speed controller for moving a car up/down via a rope wourxj around a sheave compris- 
ing a mechanical system of a rope type elevator t>y driving a vntitxx: wtiich is equ^ed with a car speed commarxi value 
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setting means to set a car speed command value in compliance with a given starting command: and a motor controller 
to control ttie motor speed following a car speed command value that was set t>y the car speed command value setting 
means, an elevator speed controller of the present Invention is characterized in that it is composed of a tnoXor speed 
detecting means to detect a motor speed; a car vibration detecting means to detect a car vik)ration: arxJ a car speed 
5 command value correcting means provided between the car speed command value setting means and the motor con- 
troller to correct a car speed conrvnand value set by the car speed command value setting means according to a motor 
speed detected value detected by the motor speed detecting means and a vibration detected value detected tiy the car 
vibration detecting means so as to suppress a car vibration and supplies a corrected car speed command value to the 
motor controller. 

10 [0011] In an elevator speed controller for moving a car up/down via a rope wound around a sheave comprising a 
mechanical system of a rope type elevator by driving a motor; which is equipped with a car speed command value set- 
ting means to set a car speed command value for every sampling period in compliance with a given starting command 
;and a nrx>tor controller to control the motor speed following ttie car speed command value that was set by the car speed 
command value setting means, an elevator speed controller for achieving the present invention using a digital controller 

15 Is characterized in that it is composed of a car vibration detecting means to detect a car vibration; and a car speed com- 
mand value correcting means provided between ttie car speed command value setting means and the motor controller 
to correct the car speed command value set for every sampling period by the car speed command value setting means 
according to a vibration detected value detected by ttie car vibration detecting means so as to suppress a car vibration 
and supplies a corrected car speed command value to the motor controller. 

20 [0012] In an elevator speed controller for moving a car up/down via a rope wound around a sheave comprising a 
mechanical system of a rope type elevator by driving a motor; which is equipped with a car speed command value set- 
ting means to set a car speed command value for every sanrpllng period in compliance with a given starting command; 
and a motor controller to control the motor speed following the car speed command value that was set by the car speed 
command value setting means, an elevator speed controller for achieving the present invention using a digital controller 

25 is characterized in that it is composed of a motor speed detecting means to detect a motor speed; a car vibration detect- 
ing means to detect a car vitsration; and a car speed command value correcting means provided between the car speed 
command value setting means and ttie motor controller to correct tiie car speed command value set for every sampling 
period by the car speed command value setting means according to a motor speed detected value detected by the 
motor speed detecting means and a vibration detected value detected by the car vOsration detecting means so as to 

30 suppress a car vibration and supplies a connected car speed conmand value to the motor controller. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

35 

FIG. 1 is a block diagram showing the entire structure of a first emtxxliment of the present invention; 
FIQ. 2 is a block circuit diagram showing the detailed sttxicture of principai parts of ttie embodiment shown in FIGL 1 ; 
FIG. 3 is a diagram showing ttie relationship between gain and phase witii frequency of a control system of a con- 
ventional oontinoller; 

40 FIQ. 4 is a diagram showing the relationship between gain and phase witti frequency of a control system of ttie 
emtxxiiments shown in FIG.1 ; 

FIG. 5 is a block diagram showing the detailed structure of ttie principal parts of a second embodiment of ttiis 
present invention; 

FIG. 6 is a block circuit diagram showing the detailed structure of ttie prino'pal parts of a third embodiment of ttie 
45 present invention: 

FIG. 7 is a schematic diagrEun of the mechanical system of an elevator which is an object of application of the 
present invention; and 

FIG. 8 is a block diagram showing the entire sti-ucture of the speed controller of a conventional elevator. 
so DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] Hereinafter, ttie present invention will be described in detail based on suitable embodiments. 
[001 5] FIG. 1 is a block diagram showing ttie structure of a first embedment of the present Invention and in FIG. 1 , 
the same component elements as those in FIG. 8 showing a conventional elevator speed controller are assigned witti 
55 the same numerals. Here, a car vOiration detecting means 6 to detect the vit>ration of ttie car 13 comprising the elevator 
mechanical system 10, a motor speed detecting means 7 to detect a speed of the motor 4 and converting it into a car 
speed and output the converted car speed and a car speed command value correcting means 20 to correct a car speed 
command value that is output from ttie car speed command value setting means 1 according to ttie car vibration 
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detected value and the motor speed detected value which are detected by these detecting means, respectively and add 
the corrected car speed command value to the speed conversion means 2 are added to the conventional elevator speed 
controller shown in FIQ. 8. 

[0016] Here, for the car vibration detecting means 6, an accelerometer or a load detector is usable. For the motor 
5 speed detecting means 7. a tachometer Is usable when an elevator speed controller Is of analog type and a pulse gen- 
erator, etc. are usat^le when a controller is of digital type. 

[0017] FIG. 2 Is a block circuit diagram showing the detailed structure of the car speed command value con-ecting 
means 20. In this figure, a subtracting means 21 as a speed deviation computing means subtracts a motor speed 
detected value by ttie motor speed detecting means 7 from the car speed command value that is output from the car 

10 speed command value setting means 1 and outputs rt to an integrating means 22. TTie integrating means 22 multiplies 
the output of the subtracting means 21 by a constant K|, integrates an obtained value and outputs to an adding/subtract- 
ing means 25. A coefficient multiplying means 23 multiplies a motor speed detected value by the motor speed detecting 
means 7 t)y a constant Kf2 and a coefficient multiplying means 24 multiplies a car vibration detected value by the car 
vibration detecting means 6 by a coefficient and output the values thus obtained to the adding/subtracting means 

IS 25. respectively. 

[0018] The addng/subtracting means 25 comprises an adding means which adds the output of the coefficient multi- 
plying means 23 and the output of the coefficient multiplying means 24 and a subtracting means which su b tracts the 
output of this adding means from the output of the integrating means 22 and outputs its output to a coefficient multiply- 
ing means 26. The coefficient multiplying means 26 multiplies the output of the adding/subtracting means 25 by a coef- 
20 f ictent Kt and outputs a corrected car speed command valua 

[001 9] The operation of the car ^eed controller of the present invention in the first embodiment in such structure as 
shown above will be descrbed hereunder especially centering around the portions in differing structure from a conven* 
tional car speed controller. 

[0020] This embodiment is in such structure that when a car speed command value is converted into a motor speed 
25 command value, a car speed command value is corrected according to the vibration information of a car so as to sup- 
press the vibration and at the same time, to move a car according to the speed command value, arxj control gains as 
coefficients are predetermined. That is. an integrating gain K^. feedback gains K,^ . Kg and a total gain Kj are deter- 
mined in advance. 

[0021 ] Then, the subtracting means 21 sutstracts a motor speed detected value detected by ttie motor speed detecting 
30 means 7 from a car speed command value tiiat is set by tiie car speed command value setting means 1 and computes 
a speed deviation. The Integrating means 22 multiplies tiiis speed deviation by the integrating gain Ki, integrates the 
tfnjs obtained value and outputs the integrated value. The coefficient multipfying means 23 multiplies a motor speed 
detected value detected by the motor speed detecting means 7 by the feedback gain Kq and outputs a multiplied value 
and the coefficient multiplying means 24 multiplies a car vibration detected value detected by the car vibration detecting 
35 means 6 by ti^e feedback gain Kf^ and outputs the multiplied value. 

[0022] The adding/subtracting means 25 adds up tiie output of the coefficient multiplying means 23 with the output of 
the coefficient multiplying means 24. while subtracts this added value from tiie output of the integrating means 22 and 
outputs the obtained valua The coefficient multiplying means 26 multipiies ttie output of tine addingAsubtracting means 
25 by the total gain Kj and outputs the obtained value as a corrected car speed command value. Thus, the car speed 
40 command value correcting means 20 corrects a car speed command value set by the car speed command value setting 
means 1 and outputs it to the speed conversion means 2. 

[0023] Here, the integrating gain Ki, feedback gains Kf^ . Kfg and total gain Kj are decided to values shown by the fol- 
lowing expressions. 



45 



(1) 



(2) 



(when a car vibration detected value is an acceleration signaQ 



so 



Km = 1/Kc 



(3) 



(When a car vibration detected value is a load signal) 
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Kc = K^fL (6) 



where. 



5 G^: Coefficient for adjustment 

Mt : A car total mass that is the sum total of a car weight with no load and movable load 

Ke : Spring constant of rope 

Kq : Spring constant per unit length of rope 

a : Coefficient for adjustment 
70 L : Rope length 

[0024] Further, the rope length L is a length of rope from the sheave 1 1 to the car 13 and can be easily obtained from 

the position of the car Coefficients for adjustment ooc, a are for minimizing the car vibration. 

[0025] The car speed command values conected by the car speed command connecting means 20 are as follows: 

75 

When the car vilvation detected value is an acceleration signal: 

Ve«f - - {K,f(V^.V^Odt-Ke . V3«,,-Mt,K, .a^ (7) 
20 When the car vibration detected value is a load signal: 

V.ref = ' {K J(V,,rVsfbKX«-K« ' V^.-l/K, • f ,} (8) 

where, 

25 

^mi' A corrected car speed command value (sheave speed reference) 

V„f : A car speed command value (car speed reference) 

Vsfbk' Motor speed detected value (actual sheave speed value) 

Oc : Car acceleration 

30 f^: Change in car load 

[0026] In the expressions shown above, vnosx effective car speed command values for suppressing car vibration are 
/Kg • ttg and 1/Kg • f ^ and when driving a motor according to con-ected car speed command values (7), (8), the 
motor itself acts as a suppressing device to the vibration and operates stable as a car driving device. 

35 [0027] The effects of said first embodiment will be desatoed using Bode diagrams obtained by the simulation. 

[0028] FIG, 3(a) shows frequency characteristics of gain and phase from a car speed command to a motor speed 
when a motor was operated in a conventional controller and FIG. 3(b) sfiows frequency characteristics of gain and 
phase from a car speed command to a car acceleration when a motor was operated in a conventional controller. When 
FIG. 3(a) is viewed, the motor speed well followed the speed command value even when there was a change in a car 

40 load, while in Fia 3(b), the acceleration of the car had a large peak near the resonance frequency of the rope and the 
car and it is seen ti^t a large vibration is generated at this frequency. 

[0029] FIG. 4 (a) shows frequency characteristics of gain and phase from a car speed command to a motor speed 
when a motor was operated in tiiis entfxxiiment and FIG. 4(b) shows frequency characteristics of gain and phase from 
a car speed command to a car acceleration when a motor was operated in this embodiment When FIG. 4(a) is viewed. 

45 it is seen that gain of a motor speed drops just at resonance frequency and as its effect such as sNswn in FIG .4(b) ttie 
peak of a car acceleration near the resonance frequency of the rope arxj the car drops l>y more than 20 dB ttian a con- 
ventional controller. As a result, the vibration drops to about 1/10. As a motor is driven at 4 rad/sec or below and tfie 
upward/downward movement is not affected and phase also does not exceed leO"" . the control system is kept stable. 
[0030] Thus, a motor is used not only as a driving unit for the upwaid/downward movement of a car but also as a vibra- 

50 tion suppressing unit to decrease v&ration of a car and therefore, no new device for vibration suppression is required 
and furthermore, only by adding a car speed command value correcting means 20 in simple structure, it becomes pos- 
sible to reduce a car vibration easily in this embodiment 

[0031 ] Thi«. according to the first embodiment it is possible to suppress vibration of an elevator of which natural fre- 
quency is largely variabia Further, since control gains of an elevator controller are presented analytically in the form of 
55 numerical expressions, the readjustment of control gain is not required when changing sizes of such equipment as car, 
motor, sheave and the like and it is possible to computer optinujm control gain aooordlng to the sut)stitute computation. 
Furthermore, in the speed response adjustment, when irttrodudng coefficients for adjistment it becomes easy to 
adjust the speed response to a desired level. As a result, it becomes possSsle to make the control gain adjustment 
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remarM^ly easily, which so far required much time. 

[0032] In the first embodiment, the spring constant is set at a constant value but this value is variable depending 
on the length of a rope. FIG. 5 is a block circuit diagram showing the structure of a second embodiment intended to fur- 
ther improve the control perfbrmance by considering this. This embodiment differs from the first embodiment in that a 
5 car speed command value correcting means 20A is used instead of the car speed command value correcting means 
20 shown in FIG. 2. This embodiment is in such structure that the feedbadc gain K^i to be applied to a car vibration 
detected value is computed according to a motor speed detected value. 

[0033] Here, a spring constant computing means 27 is composed of an integrating means 271 and a dividing means 
272. The integrating means 271 is reset when a car reaches an initial position, for instance, the main floor, etc. and a 
10 car position detecting signal is output by Integrating a nmtor speed detected value when a car is moved. The dividing 
means 272 obtains a spring constant 1^ by executing the computation of the expression (6). that is, Kq/L regarding a 
car position signal as a rope length L 

[0034] This spring constant computing means 27 is connected with a dividing means 28. This dividing means 28 
obtains the feedback gain Kf^ by executing the expression (2), that is. Mt/K^ or tiie computation of the expression (3). 

IS that is the computation of l/Ke- Further, a multiplying means 29 nuiltipltes a car vibration detected value from the car 
vibration detecting means 6 by the feedback gain Kf^ and outputs a value obtained thereto to a subtracting means 25. 
[0035] Thus, according to the second embodiment the spring constant Kc of which value varies depending on the 
length of a rope is computed successively and the feedback gain Kf^ con'esponding to tiiis spring constant is deter- 
mined and tiierefbre. there is an effect to improve the control perfbrmance higher than ttie first embodiment 

20 [0036] By the way, said first and second embodiments are examples of tiie structure on the basis of the analog con- 
trol. Although ttiere are various examples of the structure to replace an analog controller with a digital controller, the 
structure to display the control perfomnance of said first arxl second embodiments to the maximum is demanded. 
[0037] FIG. 6 is a functional block diagram showing the structure of a third embodiment satisfying this demand. In this 
emtxxiiment. a car speed cooimand value correcting means 30 is used instead of said car speed commarxj value cor- 

25 recting means 20 or car speed command value correcting means 20A. This car ^eed command value correcting 
means 30 comprises a subtracting means 31 , a coefficient multiplying means 32, a speed changing amount computing 
means 33, a coefficient multiplying means 34, a vibration changing amount computing means 35, a coefficient multiply- 
ing means 36, an adding/subtracting means 37, a coefficient multiplying means 38 and a integrating means 39. 
[0038] In this case, upon receipt of an elevator starting command, the car speed command value setting means 1 

30 sets a car speed command value for every sampling period. Corresponding to this setting, ttie sut}tracting means 31 
obtains a speed deviation k>y sut>tracting a nrxstor speed detected value from a car speed command value tor every sam- 
pling period and outputs it to tiie coefficient multiplying means 32. The coefficient multiplying means 32 multiplies ttie 
output of the subtracting means by an integrating gain Kqi and outputs a value obtained to ttie adding/lsubtracting 
means 37. 

35 [0039] On the ottier hand, the speed change amount computing means 33 computes a difference between a vnoXox 
speed detected value detected last time by the motor speed detecting means 7 for every sampling period and a nmtor 
speed detected value detected this time and outputs rt to the coeffkaent nuftiplying means 34. In ttie coeffident multi- 
plying means 34, ttie speed deviation computed by ttie speed change amount computing means 33 is multiplied by the 
feedback gain and the obtained value is output to the sutTtracting means 37. Further, the vibration change amount 

40 computing means 35 computes a difference between tiie car vOsration detected value of last time and that of ttiis time 
for every sampling period and outputs it to the coefficient multiplying means 36. In the coefficient multiplying means 36, 
the vibration value deviation computed by the vibration change amount computing means 35 is multiplied by the feed- 
t>ack gain Kon ^ the value obtained is output to the adding/subtracting means 37. 

[0040] Then, the adding/subtracting means 37 adds up the output of ttie coefficient multiplying means 34 and that of 

45 the coefficient multiplying means 36 and further, subtracts an added value from the output of ttie coefficient multiplying 
means 32 and outputs a value thus obtained to the coefficient multiplying means 38. The coefficient multiplying means 
38 multiplies the output of ttie adding/subtracting means 37 by the total gain Kj and outputs the obtained value to the 
integrating means 39. The integrating means 39 executes the integrating operation substantially by adding the output 
of this time to the output of last time of the coefficient multiplying means 38 for e^ery sampling period arxJ outputs a 

so value thus obtained as a corrected car speed command valua 

[0041] Here, an integrating gain Kqi, feedback gains Kqii. Kqq and a total gain Kj are determined to values shown 
by the following expressions: 



(9) 



55 



^Dfi " ^T^c (^en a car vibration detected value is an acceleration signaQ 



(10) 



Kq,^ a i/Kq (when a car vibration detected value is a load signaQ 



(11) 
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K = 1 (12) 
Kj = a.o^ (13) 
5 K^^KqA. (14) 

where. 

Oc : Coefficient for adjustment 
10 AT : Sampling interval 

Mt : A total vnass which is a sum total of car weight less load and car weight with movable load 

Kc : Spring constant of rope 

Kq : Spring constant per unit length of rope 

a : Coefficient for adjustment 
IS L : Rope length 

[0042] Further, the rope length L is a rope length from the sheave 11 to the car13 and can be obtained easily from 
the position of the car 1 3. Coefficients io^ , a for adjustment are to adjust the car vibration to the minimum. In this case, 
a corrected car speed command value is also equal to those shown by Expressions (7) and (8) 

20 [0043] Thus, according to the third embodiment even when an elevator speed controller is realized using a digital 
controller, it is possible to suppress vibration of an elevator of which natural frequency is largely variabia In this case, 
as the structure of a digital controller is analytically presented, it is not necessary to readjust control gain when sizes of 
a car, motor, sheave, etc. are changed and it is possible to compute an optimum control gain by the substituting com- 
putation. Further, for adjusting a speed response, it is easy to adjust it to a desired response by introducing an adjusting 

25 coefficient Thus, tt becomes possible to easily adjust a control gain which so far required much time. 

[0044] Further, although a fixed value was used as the feedback gain Kq^i to be applied to the output of the vibration 
change amount computing means 35 in the third embodiment shown in FIG. 6. it is also possible to make a structure 
so as to compute a spring constant of a rope successively according to the position of a car and multiply it to the output 
of the vibration change amount computing means 35 in the same manner as shown in FIG. 5. 

30 [0045] In this case, it Is sufficient to compose a car speed controller in a structure added with a spring constant com- 
puting means to detect a car position by integrating change amounts of a motor speed detected value for every sam- 
pling period and compute a spring constant of a rope according to this car position and a computing means to compute 
the feedback constant Kof ^ according to the computed spring constant for ^ery sampling period. 
[0046] Further, in the above embodiments, although a car speed command value was corrected using tXTth a car 

35 v&ration detected value and a motor speed detected value, if a motor speed is retained in an allowable range even 
when a car speed reference was corrected by a car vibration detected value, a car speed command value correcting 
means may be composed by excluding a speed reference correction system based on a motor speed detected value, 
that is, the sutstracting means 21 . integrating means 22, co^ident muit^lying means 23 and coeffident multiplying sys- 
tem 26 shown in FIG. 2 wherein the first embodiment is shown, the subtracting means 31 . coefficient multiplying means 

40 32. speed change amount computing means 33, coefficient multiplying meems 34 and coeffident multiplying means 38 
shown in FIG. 6 wherein the third embodiment is shown, in this case, the corrected car speed command value becomes 
Vraf added witti only -Mj/K^ • a^or-l/K^; • f^. 

[0047] Further, in a car speed command value con-ecting means excluding a speed reference correcting system 
based on a motor speed detected value, if a car vibration detected value equal to a car speed command value is 

45 obtained, a car speed command value correcting means excluding the coefficient multiplying means 24 shown In FIG. 
2 showing the first emkxxfiment the spring constant computing means 27. dividing means 28, multiplying means 29 
shown in FIG. 5 showing the second embodiment and the coeffident multiplying means 36 shown in FIG. 6 showing the 
third embodiment may be composed. That is. by directiy correcting a car speed command value by a car vibration 
detected value, the car vibration can be suppressed. In this case, tiie corrected car speed command vakie becomes 

50 V^f with -Oc or -f^ directiy added. 

[0048] Further, all of the embodiments descn'bed above are for car speed controllers which convert a car speed com- 
mand value into a motor speed commarxl value by the speed converting means 2 arxJ control a speed detected value 
of the motor speed detecting means 5 so as to agree with this speed commarxl value and in addition to the motor speed 
detecting means 5. another motor speed detecting means 7 is provided to convert a motor speed into a value equal to 

55 a car speed command valua When the car speed command value setting means 1 outputs a car speed command 
value that is converted into a motor speed in advance, the motor speed detecting means 7 can be removed and the 
output of the iTxstor speed detecting means 5 may be used directiy as the input to the car speed command value cor- 
recting means 20. 20A arid 30. In this case, needless to say. the controller win become the structure with the speed con- 
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verting means 2 removed. 

[0049] Or. when the motor speed detecting means 5 outputs a speed detected value which was converted to a car 
speed, rt is also possible to use the output of the motor speed detecting means 5 directiy as the input to the car speed 
command value correcting mans 20. 20A and 30 with the motor speed detecting means 7 removed similarly as 
5 descnlsed above. 

[0050] On the other hand, an object for control in the atx>ve embodiments was a wel!-bud<et type elevator. The appli- 
cation of the present invention is not limited to this type of elevator and is also applicable to rope type elevators irrespec- 
tive of roping system, driving system or the position of a driving unit 

[0051 ] As clearly seen in the above explanations, according to tiie present invention, the vibration of a car is detected, 
10 as a car speed command value is corrected by a car vibration detected value so as to suppress this vibration and fur- 
thermore, a motor speed to drive a sheave is controlled according to a corrected car speed command value, it is pos- 
sible to surely suppress tiie vibration of a car even in case of an elevator of which natural frequency is largely variable. 
[0052] Further, when a car speed command value set by the car speed command value setting means is corrected 
so as to suppress the car vibration according to a motor speed detected value and a car vibration detected value, there 
IS is also an effect to suppress change in car speed resulting from tiie suppression of car vbration. 

[0053] In addition, as control gains are presented analytically in tiie form of numerical expression, there is also an 
effect to remarkably simplify the control gain adjustment 

[0054] Furthermore, when a spring constant of a rope changing depending on the car position is successively com- 
puted and a feedback gain is detemiined based on this spring constant, it becomes possible to make the higher accu- 

20 rate speed control than that when using a fixed feedback gain. 

[0055] When a digital controller is used to realize the present invention, a car vibration is detected arxi a car speed 
command value is corrected by a car vibration detected value so as to suppress this car vibration and furtiier, a motor 
speed to drive a sheave is contrdied according to the corrected car speed command value and it is tfierefore possible 
to certainly suppress a car vibration in case of an elevator of which natural frequency is largely variable. 

2S [0056] Further, when a digital controller is used to realize ttie present invention, a car speed command value set tsy 
the car speed command value setting means is corrected so as to suppress a car vibration based on a motor speed 
detected value and a car vibration detected value and therefore, tiiere is also an effect to si^press a car speed change 
resulting from the suppression of ttie car vibration. 

[0057] Further, when a digital controller is used to realize the present invention, as control gains are presented ana- 
30 lytically in ttie form of numerical expression, tiiere is also an effect to remarkably simplify the control gain adjustment 
[0058] In addition, when a digital controller is used to realize ttie present invention, as a spring constant of a rope 
which changes depending on tiie car position is computed successively and a feedback gain is detenmined based on 
ttiis spring constant it becomes possfole to make ttie higher accurate speed control than ttiat using a fixed feedback 
gain. 

35 

Claims 

1 . In an elevator speed controller for moving a car (1 3} up/down via a rope (1 2) wound around a sheave (1 1 ) compris- 
ing a mechanical system of a rope type elevator and driven by a motor (4), which is equipped with a car speed com- 

40 mand value setting means (1) for setting a car speed command value upon receipt of a starting command and a - 
motor controller (3) for controlling the motor speed following the car speed command value set by the car speed 
command setting means (1), 

the elevator speed controller wfuch has the characteristic of being provided with 

45 a car vibration detecting means (6) for detecting a car vibration; and 

a car speed command value correcting means (20) provided between the car speed command value setting 
means (1) and the motor controller (3) for correcting the car speed command value set by the car speed com- 
mand value setting means (1) according to a vibration detected value detected by the car vibration detecting 
means (6) so as to suppress a vibration of tiie car (13) and supplying a corrected car speed command value 

so to ttie motor controller (3). 

2. In an elevator speed controller for moving a car (1 3) up/down via a rope (1 2) wound around a sheave (1 1) compris- 
ing a mechanical system of a rope type elevator and driven by a motor (4), which is equipped with a car speed com- 
mand value setting means (1) for setting a car speed command value upon receipt of a starting command and a 

55 motor controller (3) for controlling the motor speed following the car speed command value set by the car speed 
command setting means (1). 

the elevator speed controller which has ttie characteristic of being provided witii 
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a motor speed detecting means (7) for detecting a nrx)tor speed; 
a car vibration detecting means (6) for detecting a car vibration; and 

a car speed command value correcting means (20) provided between ttie car speed command value setting 
means (1) and the motor controller (3) for correcting the car speed command value set by the car speed com- 
s mand value setting means (1 ) according to a motor speed detected value detected by the motor speed detect- 

ing means and a vibration detected value detected by the car vSsration detecting value detected by the car 
vibration detecting means (6) so as to suppress the car vibration and supplying the corrected car speed com- 
mand value to the motor controller (3). 

10 3. An elevator speed controller according to claim 2. 

wherein the car speed commarxl value correcting means (20) comprises: 

a speed deviation computing means (21) for computing a deviation of the motor speed detected value from the 
car speed command value; 

15 a first computing means (22) for multiplying a speed deviation computed by the speed deviation computing 

means (21) by a predetemnined first constant (K|} and integrating an obtained value; 
a second computing means (23) for multiplying a nwtor speed detected value detected by the motor speed 
detecting means (7) by a predetermined second constant (K12); 

a ttiird computing means (24) for multiplying a car vbration detected value detected by the car vibration detect- 
20 ing means (6) by a predetermined third constant (Kf^); 

a fourth computing means (25) for subtracting the outputs of the second and third computing means (23 and 
24) from the output of the first computing means (22); and 

a fifth computing means (26) for multiplying the output of the fourth computing means (25) t3y a predetermined 
fourth constant {Kj) and outputting an obtained value. 

25 

4. An elevator speed controller according to claim 3. 

wherein the car speed commarxJ value correcting means (20) comprises: 

a spring constant computing means (27) for computing a position of a car by integrating a motor speed 
30 detected value detected by the motor speed detecting means (7) and for computing a spring constant of a rope 

(12) according to ttie corrputed car position; and 

a constant computing means (28) for computing ttie third constant (Kf^) according to the spring constant com- 
puted by the spring constant computing means (27) and supplying the third constant (Kf^) for the computation 
by the third computing means. 

35 

5. In an elevator speed controller for moving a car (1 3) up/down via a rope (1 2) wound around a sheave (1 1 ) compris- 
ing a mechanical system of a rope type elevator and driven by a nrator (4). which is equipped with a car speed com- 
mand value setting means (1) for setting a car speed command value for every sairpllng period upon receipt of a 
starting command and a motor cont-dler (3) for controlGng the motor speed following the car speed command value 

40 set by the car speed oonunand setting means (1)» 

tiie elevator speed controller which has tiie characteristic of being provided with 
a car vibration detecting means (6) for detecting a car vibration; and 

a car speed command value correcting means (20) provided between the car speed command value setting 
45 means (1 ) and ttie motor controller for correcting the car speed command value set by ttie car speed command 

value setting means (1) for every sampling period according to a vibration detected value detected by the car 
vibration detecting means (6) so as to suppress a vibration of ttie car (13) and supplying a corrected car speed 
command value to the motor controller (3). 

50 6. In an elevator speed controller for moving a car (13) up/down via a rope (12) wound around a sheave (11) compris- 
ing a mechanical system of a rope type elevator and driven tsy a motor (4), which is equipped with a car speed com- 
mand value setting means (1) for setting a car speed command value for every sampling period upon receipt of a 
starting command and a motor conti'oller (3) for controlling the nvstor speed following the car speed command value 
set by ttie car speed command setting means (1). 

55 

ttie elevator speed controller which has ttie characteristic of being provided with 
a motor speed detecting means (7) for detecting a motor speed; 
a car vbration detecting means (6) for detecting a car va^ration; and 
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a car. speed command value correcting means (20) provided between the car speed command value setting 
means (1) and the motor controller (3) for correcting a car speed command value set by the car speed com- 
mand value setting means (1) for every sampling period according to a motor speed detected value detected 
by the motor speed detecting means and a vibration detected value detected by the car vbration detecting 
means (6) so as to suppress a vibration of the car and supplying a corrected car speed command value to the 
motor controller (3). 

7. An elevator speed controller according to claim 6. 

wherein the car speed command value correcting means (30) comprises: 

a speed deviation computing means (31 ) for computing a deviation of the motor speed detected value from the 
car speed command value for every sampling period; 

a speed change amount computing means (33) for computing a difference between the motor speed detected 
value of the last time and the same of this time detected by the motor speed detecting means (7) for every sam- 
pling period; 

a first computing means (32) for multiplying a speed deviation computed by the speed deviation computing 
means (31) by a predetemrtined first constant (Koi): 

a second computing means (34) for multiplying a difference of the speed detected value computed by the 

speed change amount computing means (33) by a predetermined second constant (Kota): 

a vibration change amount computing means (35) for computing a difference between tiie car vibration 

detected value detected last time and tiie car vibration detected value detected this time for every sampling 

period; 

a third computing means (36) for multiplying a difference of the vibration detected value computed by the vibra- 
tion change amount computing means (35) by a predetermined third constant (Kon); 
a subtiacter (37) for subtracting the outputs of the second and third computing means (34 and 36) from the out- 
put of the first computing means (32); 

a fourtii computing means (38) for multiplying the output of the subtracter (37) by a predetemrtined fourth con- 
stant (Kj); and 

a fifth computing means (39) for integrating the output of the fourth computing means (38) for every sampling 
period and fbr outputting a corrected car speed command value. 

8. An elevator speed controller according to datm 7, 

wherein the car speed command value correcting means (30) comprises: 

a spring constant computing means (27) for computing a position of a car by integrating a change amount of 
the motor speed detected value detected by ttie motor speed detecting means (7) for every sampling period 
and fbr computing a spring constant of a rope (1 2) according to the computed car position; and 
a constant computing means (28) for computing the third constant {Koi^) according to the spring constant com- 
puted by the spring constant computing means (27) for every sampling period and supplying the computed 
third constant (Kon) for computing the third computing means. 

Amended claims In accordance with Rule 86(2) EPC 

1 . In an elevator speed controller fbr moving a car (13) up/down via a rope (1 2) wound around a sheave (1 1) com- 
prising a mechanical system of a rope type elevator and driven by a motor (4), which is equipped with a car speed 
command value setting means (1) for setting a car speed command value upon receipt of a starting command arxi 
a motor controller (3) for controlling the motor speed following the car speed command value set by the car speed 
command setting means (1), 

the elevator speed controller which has the characteristic of being provided with 
a car vibration detecting means (6) for detecting a car vft^ration; and 

a car speed command value correcting means (20) provided between the car speed command value setting 
means (1) and the motor controller (3) for correcting the car speed command value set by the car speed com- 
mand value setting means (1) according to a vibration detected value detected by the car vibration detecting 
means (6) so as to suppress a vitxation of the car (13) and supplying a corrected car speed command value 
to the motor controller (3). 

2. In an elevator speed controller for moving a car (13) upAdown via a rope (12) wound arourvj a sheave (11) oom- 
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prising a mechanical system of a rope type elevator and driven by a motor (4), which is equipped with a car speed 
command value setting means (1 ) for setting a car speed command value upon recapt of a starting command and 
a motor controller (3) for controlling the motor speed following the car speed command value set by the car speed 
confvnand setting means (1), 

5 

the elevator speed controller which has the characteristic of being provided with 
a motor speed detecting means (7) for detecting a motor speed; 

a car vibration detecting means (6) for detecting a car vibration; and 

a car speed command value correcting means (20) provided between the car speed command value setting 
10 means (1) and the motor controller (3) for correcting the car speed command value set by the car speed com- 

mand value setting means (1) according to a motor speed detected value detected by the motor speed 
detecting means and a vibration detected value detected by the car vibration detecting value detected by the 
car vit)ration detecting means (6) so as to suppress the car vibration and supplying the corrected car speed 
command value to the motor controller (3). 

IS 

3. An elevator speed controller according to claim 2, 

wherein the car speed command value correcting means (20) comprises: 

a speed deviation computing means (21 ) for computing a deviation of the motor speed detected value from the 

20 car speed commsuid value; 

a first computing means (22) for multiplying a speed deviation computed by the speed deviation computing 
means (21) k>y a predetermined first constant (Kj) and integrating an obtained value; 
a second computing means (23) for multiplying a motor speed detected value detected by the nwtor speed 
detecting means (7) by a predetermined second constant (K{2); 

25 a third computing means (24) for multiplying a car vibration detected value detected by the car vibration detect- 

ing means (6) by a predetermined third constant (Kf^); 

a fourth computing means (25) for subtracting tiie outputs of the second and third computing means (23 and 
24) from the output of the first computing means (22); and 

a fifth computing means (26) for multiplying the output of the fourth computing means (25) by a predetermined 
30 fourth constant (Kt) and outputting an obtained value. 

4. An elevator speed controller according to claim 3. 

wherein the car speed command value correcting means (20) comprises: 

35 a spring constant computing means (27) for computing a position of a car by integrating a motor speed 

detected value detected by tiie motor speed detecting means (7) and for computing a spring constant of a rope 
(12) according to tiie computed car position; and 

a constant computing means (28) for computing tiie ttiird constant (Kf^) according to the spring constant com- 
puted t3y the spring constant computing means (27) and supplying the third constemt (Kft) for the computation 
40 t>y the third computing means. 

5. In an elevator speed controller for moving a car (13) up/down via a rope (12) wound around a sheave (1 1) com* 
prising a mechanical system of a rope type elevator and driven by a motor (4), which is equipped with a car speed 
command value setting means (1 ) for setting a car speed command value for every sampling period upon receipt 

45 of a starting command and a motor controller (3) for controlling the nuator speed following the car speed command 
value set by the car speed command setting means (1). 

the elevator speed controller which has the characteristic of being provided with 
a car vbration detecting means (6) for detecting a car vibration; and 
so a car speed command value correcting means (20) provided between the car speed command value setting 

means (1 ) and the motor controller for correcting the car speed command value set by the car speed command 
value setting means (1 ) for every sampling period according to a vforation detected value detected by the car 
vibration detecting means (6) so as to suppress a vibration of the car (1 3) and supplying a corrected car speed 
command value to tiie motor controller (3). 

55 

6. In an elevator speed corrtroller for moving a car (13) up/down via a rope (12) wound around a sheave (1 1) com- 
prising a mechanical system of a rope type elevator ar^ driven by a motor (4). which is equipped with a car speed 
command value setting means (1) for setting a car speed command value for every sampling period upon rece^ 
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of a starting command and a motor controller (3) for controlling the motor speed following the car speed command 
value set by the car speed command setting moans (1). 

the elevator speed controller which has the characteristic of being provided with 
a motor speed detecting means (7) for detecting a motor speed; 
a car vibration detecting means (6) for detecting a car vibration: and 

a car speed command value connecting means (20) provided between the car speed command value setting 
means (1) and the motor controller (3) for correcting a car speed command value set by the car speed com- 
mand value setting means (1) for every sampling period according to a motor speed detected value detected 
by the motor speed detecting means and a vibration detected value detected by the car vibration detecting 
means (6) so as to suppress a vibration of the car and supplying a con-ected car speed command value to the 
motor controller (3). 

7. An elevator speed controller according to daim 6, 

wherein the car speed command value correcting means (30) comprises: 

a speed deviation confuting meems (31) for confuting a deviation of the motor speed detected value from the 
car speed command value for every sampling period; 

a speed change amount computing means (33) for computing a difference between the motor speed 
detected value of the la^ time and the same of this time detected by the motor speed detecting means 
(7) for every sampling period; 

a first computing means (32) for multiplying a speed deviation computed by the speed deviation computing 
means (31) by a predetermined first constant (Kqi); 

a second computing means (34) for multiplying a difference of the speed detected value computed by the 
speed change amount corrputing means (33) by a predetermined second constant (Kofa): 
a vibration change amount computing means (35) for computing a difference between the car vibration 
detected value detected last time and the car vibration detected value detected this time for every sam- 
pling period; 

a third confuting means (36) for multiplying a difference of the vibration detected value computed by the vibra- 
tion change amount computing means (35) by a predetermined third constant (Kdm); 
a subtracter (37) tor sutJtracting the outputs of the second and third computing means (34 and 36) from the out- 
put of the first computing means (32): 

a fourth computing means (38) for multiplying the output of the subtracter (37) by a predetermined fourth con- 
stant (Kj); and 

a fifth computing means (39) for integrating the output of tine fourth computing means (38) for every sampling 
period and for oulputting a corrected car speed command value. 

8. An elevator speed controller according to daim 7, 

wherein the car speed command value correcting means (30) comprises: 

a spring constant computing means (27) for computing a position of a car by integrating a change amount of 
the motor speed detected value detected by the motor speed detecting means (7) for every sampling period 
and fbr computing a spring constant of a rope (12) according to the computed car position; and 
a constant computing means (28) for computing the third constant (Kqh) according to the spring constant com- 
puted by the spring constant computing means (27) for every sampling period and supplying the computed 
third constant (Kon) for computing the third conputing means. 
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